J 



® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





@ Publication number : 0 573 174 A1 



EUROPEAN PATENT APPLICATION 



2?) Application number : 93303831.7 
22) Date of filing: 18.05.93 



@ Int. CI. 6 : G09G 3/36 



@ Priority : 19.05.92 JP 126146/92 

© Date of publication of application : 
08.12.93 Bulletin 93/49 

<S) Designated Contracting States : 
W AT BE CH DE DK ES FR GB GRIE IT U LU MC 
NL PT SE 

@ Applicant: CANON KABUSHIKI KAISHA 
30-2, 3-chome, Shlmomaruko, Ohta-ku 
Tokyo (JP) 



@ Inventor : Hasegawa, Taketo, do Canon 
Kabushiki Kaisha 
30-2, 3-chome! Shimomaruko 
Ohta-ku, Tokyo (JP) 

@ Representative : Beresford, Keith Denis Lewis 
etal 

BERESFORD & Co. 2-5 Warwick Court High 
Holborn 

London WC1R 5DJ (GB) 



(si) Display control apparatus and method. 

(g) Display control apparatus and method for a 
display apparatus having a ferroelectric liquid 
crystal as an operating medium for updating a 
display which can hold a display state updated 
by applying an electric field or the like. The 
display control apparatus comprises an input 
device to input image data, a memory to store 
the inputted image data by an amount corre- 
sponding to first and second image planes, a 
comparator to compare the stored image data 
of the first and second image planes, a pro- 
cessor to halftone process the image data of the 
pixel in which the value of the image data of the 
first image plane is different from the value of 
the image data of the second image plane and a 
transmitting circuit to transmit the data which 
has been halftone processed by the processor 
to a display apparatus such as a ferroelectric 
liquid crystal display. The image data is sent 
from a computer, a hard disc drive, a floppy disk 
drive, or the like. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to display control 5 
apparatus and method and, more particularly, to dis- 
play control apparatus and method for a display ap- 
paratus having, for example, a ferroelectric liquid 
crystal as an operating medium for updating a display 
content in which such a ferroelectric liquid crystal 10 
can hold a display state updated by applying an elec- 
tric field or the like. 

Rel ated Background Art 

- 15 

Generally, in an Information processing system 
or the like, a display apparatus Is used as information 
display means for performing a visual expressing 
function of information. A CRT display apparatus is 
widely known as such a display apparatus. 20 

In a display control in the CRT display apparatus, 
the writing operation of a CPU on the system side for 
a video memory as a display data buffer which the 
CRT side has and the operations to read out the dis- 
play data from a video memory and to display the dis- 25 
play data which are executed by, for example, a CRT 
controller which the CRT side has are respectively in- 
dependently executed. 

In case of the display control of the CRT as men- 
tioned above, the writing operation of the display data 30 
to the video memory for the purpose of a change in 
display information or the like and the operations to 
read out the display data from the video memory and 
to display it are independently executed. Therefore, 
there is an advantage such that in a program on the 35 
information processing system side, there is no need 
to consider the display timing or the like and desired 
display data can be written at an arbitrary timing. 

On the other hand, since the CRT needs a cer- 
tain length In the direction of thickness of the display 40 
screen in particular, a volume of whole CRT increases 
and it is difficult to miniaturize the whole display ap- 
paratus. Consequently, when the information proc- 
essing system using such a CRT as a display is used, 
degrees of freedom, namely, degrees of the installing 45 
location, portability, and the like are lost. 

Aliquid crystal display (hereinafter, referred to as 
an LCD) can be used as a display which can solve 
such a drawback. Namely, according to the LCD, the 
whole display apparatus can be miniaturized (espe- so 
daily, a thickness can be thinned). Among such 
LCDs, there is a display (hereinafter, referred to as an 
FLCD: FLC display) using a liquid crystal cell of a fer- 
roelectric liquid crystal (hereinafter, referred to as an 
FLC: Ferroelectric Liquid Crystal) mentioned above. 55 
One of the features of the FLCD Is that the liquid crys- 
tal cell has a preserving performance of a display 
state when an electric field is applied. Namely, in the 



FLCD, the liquid crystal cell is enough thin and an 
elongated FLC molecule in the liquid crystal cell is ori- 
ented In the first or second stable state in accordance 
with the applying direction of the electric field. Even 
when the electric field is extinguished, each orienting 
state is maintained. The FLCD has a memory perfor- 
mance due to such a bistability of the FLC molecule. 
Such FLC and FLCD have been described in detail in, 
for example, the Official Gazette of U.S. Patent No. 
4,964,699. 

Therefore, in case of driving the FLCD, different 
from the CRT or other liquid crystal displays, there is 
a surplus time in the continuous refresh driving period 
of time of the display screen. On the other hand, ir- 
respective of the continuous refresh driving, it is pos- 
sible to perform a partially rewriting driving to update 
the display state of only the portion corresponding to 
the change portion on the display screen. 

Therefore, in the FLCD, if the partially rewriting 
driving can be properly executed at a good timing, the 
advantage of the FLCD can be further enhanced. 

If such an FLCD can be used as a display appa- 
ratus of the information processing system so as to 
have a compatibility with the CRT, a flexibility of the 
system increases and its value can be raised. 

From the above viewpoint it is possible to consid- 
er a display control method whereby the partially re- 
writing operation of a predetermined portion is pref- 
erentially executed than the partially rewriting opera- 
tion of the other display information. As a display ex- 
ample based on such a display control method, there 
is a display of continuous image data like an anima- 
tion and such a display needs to visually change the 
display state in a real-time manner. 

In the case where the display data has a density 
value every pixel of R (Red), G (Green), and B (Blue), 
it is necessary to convert the display data into the 
data which can be displayed (expressed) by the 
FLCD. 

In case of using a method (for example, an error 
diffusion method) whereby errors which occur upon 
conversion are reflected to the other pixels instead of 
a method whereby the conversion is independently 
executed on a pixel unit basis, there is a problem such 
that it is necessary to take the converting method into 
consideration in the partially rewriting driving method. 

On the other hand, in case of using the FLCD in 
place of the CRT as a display apparatus of the infor- 
mation processing system having the CRT display, an 
essential problem occurs from a viewpoint of the con- 
struction. That is, the CPU on the system side merely 
transfers the display data of one image plane regard- 
ing the display updating and its addresses to the dis- 
play apparatus side. There is, accordingly, a problem 
with respect to how to discriminate the preceding im- 
age plane and the changed portion and to execute 
the partially rewriting operation as mentioned above. 
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SUMMARY OF THE INVENTION 

The present invention intends to eliminate the 
drawbacks of the conventional technique as men- 
tioned above and to provide display controi apparatus 
and method which can display a moving image of a 
high picture quality to a display apparatus at a high 
speed. 

Another object of the invention is to provide dis- 
play control apparatus and method in which an image 
which has been halftone processed by a quantizing 
method of a density preserving type can be efficient- 
ly displayed on an FLC display. 

Still another object of the invention is to provide 
display control apparatus and method in which when 
an image which has been halftone processed by a 
quantizing method of the density preserving type is 
displayed, by executing the halftone process to the 
preceding image plane and the changed portion, the 
display can be efficiently displayed at a high speed. 

Further another object of the invention is to pro- 
vide image processing apparatus and method in 
which error data which is necessary for the halftone 
processes of the preceding image plane and the 
changed portion is previously stored into a memory, 
so that a display image of a high picture quality can 
be obtained by using the error data stored in the 
memory. 

Further another object of the invention is to pro- 
vide image processing apparatus and method in 
which when the scene of display data is switched, the 
error data of the preceding image plane stored in a 
memory is reset and the halftone process is executed 
to the data of one image plane inputted, so that a bi- 
narizing process which conforms with the input data 
at a high fidelity can be executed. 

The above and other objects and features of the 
present invention will become apparent from the fol- 
lowing detailed description and the appended claims 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a system con- 
struction according to an embodiment of the 
present invention; 

Fig. 2 is a block diagram showing a detailed con- 
struction of an FLCD interface in Fig. 1 ; 
Fig. 3A is a diagram showing a comparison circuit 
in Fig- 2; 

Fig. 3B is a diagram showing a conversion circuit 
in Fig. 2; 

Figs. 4 to 8 are diagrams for explaining an error 
diffusion method; and 

Figs. 9 to 14 are flowcharts for explaining a dis- 
play control according to an embodiment 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

5 An embodiment of the present invention will be 

described in detail hereinbelow with reference to the 
drawings. 

Fig. 1 is a block diagram of an information proc- 
essing system using an FLC display apparatus having 

10 a display control apparatus according to an embodi- 
ment of the present invention as a display apparatus 
of various kinds of characters, image information, and 
the like. In the diagram, reference numeral 11 de- 
notes a CPU to control the whole information proc- 

15 essing system; 13 a main memory which is used to 
store programs which are executed by the CPU 11 or 
is used as a work area when the programs are exe- 
cuted; and 14 a DMA controller (Direct Memory Ac- 
cess Controller hereinafter, referred to as a DMAC) 

20 to transfer data among the main memory 13 and va- 
rious kinds of apparatuses constructing the informa- 
tion processing system without passing through the 
CPU 11. Reference numeral 15 denotes an LAN inter- 
face to interface between an LAN (Local Area Net- 

25 work) 16 such as an Ethernet or the like and the sys- 
tem and 17 indicates an input/output apparatus (here- 
inafter, referred to as I/O) having an ROM, an SRAM, 
an interface of the RS232C type, and the like. Various 
kinds of external apparatuses can be connected to 

30 the I/O 17. Reference numerals 18 and 19 denote a 
hard disc drive and a floppy disc drive as external 
memory devices; 20 a disk interface to connect sig- 
nals between the hard disc drive 18 and floppy disk 
drive 1 9 and the system; 21 a printerwhich can record 

35 at a relatively high resolution and can be constructed 
by an ink jet printer, a laser beam printer, or the like; 
22 a printer interface to connect signals between the 
printer and the system 23 a keyboard to input char- 
acter information such as various kinds of characters 

40 or the like, control information, or the like; 24 a mouse 
as a pointing device; 25 a key interface to connect sig- 
nals among the keyboard 23, the mouse 24, and the 
system; and 26 an FLC display apparatus (herein- 
after, also referred to as an FLCD) whose display is 

45 controlled by an FLCD interface 27 as a display con- 
trol apparatus according to an embodiment of the 
present invention. The FLCD has a display screen us- 
ing the foregoing ferroelectric liquid crystal as a dis- 
play operating medium. Reference numeral 12 de- 
50 notes a system bus comprising a data bus, a control 
bus, and an address bus to connect signals among 
the above various apparatuses. 

In the information processing system to which 
the above various kinds of apparatuses or the like are 

55 connected, generally, the user of the system oper- 
ates in correspondence to various information which 
is displayed on the display screen of the FLCD 26. 
That is, character information, ima^e information, or 
the like which is supplied from an external apparatus 
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(for example, scanner) that is connected to the LAN 
16 or I/O 17, or from the hand disc 18, floppy disk 19, 
keyboard 23, or mouse 24, or operation information 
which has been stored in the main memory 1 3 and re- 5 
lates to a system operation of the user, or the like is 
displayed on the display screen of the FLCD 26. 
While observing the contents displayed on the 
screen, the user edits the information or executes an 
instructing operation to the system. The above van- 10 
ous kinds of apparatuses or the like construct display 
information supplying means to the FLCD 26, respec- 
tively. 

Fig. 2 is a block diagram showing the details of 
the FLCD interface 27. In the diagram, a switcher 28 16 
is connected to the system bus 12. Each of a frame 
buffer (a) 29 and a frame buffer (b) 30 can store the 
display data of one image plane (one pixel consists of 
eight bits). The frame buffers 29 and 30 are connect- 
ed to the switchers 28 and 31, respectively. Refer- 20 
ence numeral 32 denotes a comparison circuit As 
shown in detail in Fig. 3A, the comparison circuit 32 
has: a flag 321 for judgment when the image plane is 
switched; a comparison flag 322 indicative of the re- 
sult of the judgment of the pixel of one line; a pixel 25 
counter 323 to count the number of pixels of one line; 
and a line counter 324 to count the number of lines of 
one image plane. Reference numeral 34 denotes a 
frame buffer (c) (one pixel consists of eight bits) to 
store thedisplay data of one image plane and transfer 30 
the data to a conversion circuit 36. The conversion cir- 
cuit 36 executes a pseudo halftone process. As 
shown in detail in Fig. 3B, the conversion circuit 36 
has: a buffer 361 for one line; a pixel counter 362 to 
count the number of pixels of one line; a table 363 to 35 
calculate an error value which is spread; and a table 
error diffusion table 364 to calculate an error value 
which is spread to each pixel when the error data gen- 
erated when the input data has been binarized is dif- 
fused. Reference numeral 39 denotes a frame buffer 40 
(d) (one pixel consists of eight bits) to store the data 
displayed at that time point by an amount correspond- 
ing to one image plane. Reference numeral 35 de- 
notes a partial writing flag. By setting the flag into a 
line to be partially rewritten, the line is stored. Refer- 45 
ence numeral 37 denotes the error frame buffer to 
store errors occurring when the 8-bit data is convert- 
ed into the 1-bit data by the conversion circuit 36. The 
error frame buffer 37 has a capacity corresponding to 
one Image plane (one pixel consists of eight bits). 60 

The error data stored in the error frame buffer 37 
will now be briefly explained. 

It is now considered the case of binarizing the im- 
age data of one pixel a in one image plane by the con- 
version circuit 36. In the conversion circuit 36, the er- 55 
ror data stored at the same address as a is read out 
from the error frame buffer 37 and the error data Is 
added to the image data of the pixel cu The result of 
the addition is binarized on the basis of a predeter- 



mined threshold value. Now, the error data occurring 
when the previous image plane had been binarized 
has been stored in the error frame buffer 37. In the 
embodiment only the portion in which the value of 
the inputted data was changed from the preceding im- 
age plane is binarized. Therefore, in the data of a cer- 
tain image plane, when a pixel p in which the value of 
data differs from that of the preceding image plane 
occurs, all of the pixels before the pixel p have the 
same data as that of the preceding image plane. 
Therefore, as error data which is added to the pixel 
p. It is. sufficient to use the error data stored in the er- 
ror frame buffer 37 in which the error data of the pre- 
ceding image plane has been stored. The error data 
in the error frame buffer 37 is updated on the basis 
of the binary error data which is generated when the 
data of the pixel p Is binarized. The updated error data 
is used when the pixels after the pixel p or the pixels 
of the next and subsequent image planes are bina- 
rized. 

Reference numeral 33 denotes a reset circuit to 
initialize the error frame buffer 37, partial writing flag 
35, and frame buffer (d) 39. 

On the basis of the signal from the comparison 
circuit 32, when it is determined that the preceding 
image plane differs from the present Inputted image 
plane (such a case occurs when a scene is switched 
or the like), the binarizing process by the error diffu- 
sion method must be executed for the whole area of 
one image plane with respect to the newly inputted 
image plane. Therefore, the data stored in the error 
frame buffer 37, partial writing flag 35, and frame buf- 
fer 39 are unnecessary. Accordingly, the reset circuit 
33 resets those data. 

Reference numeral 38 denotes a partial write 
control circuit for executing a partial writing operation 
to the FLCD 26 with respect to the partial writing line 
detected by the partial writing flag 35. In the embodi- 
ment, for simplicity of explanation, it is now assumed 
that the display data which is sent from the system 
bus is black and white data of eight bits. 

In the embodiment, it is now assumed that the 
conversion circuit 36 converts the 8-bit data into the 
1-bit data by using the error diffusion method as a 
pseudo halftone process. The principle of the error 
diffusion method is shown in Figs. 4 and 5. Since the 
input data is the 8-bit data, densities of 256 grada- 
tions are expressed and a threshold value for binari- 
zatlon assumes 127. 

(3) Adensity of pixel which is at present process- 
ed assumes 135. The density value 1 35 is cumu- 
lative data in which the errors occurring by the 
preceding binarizing processes were added. 
Namely, the cumulative data denotes data in 
which the diffused error data was added to the in- 
put data and Is data that Is actually binarized 
(pseudo halftone processed) by the threshold 
value. 
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(D Either one of 0 and 255 is decided. In the 
above case where the cumulative data is equal to 
135, since it is largerthan the binarization thresh- 
old value 127, it is set to 255. 
(D The error data is diffused to the peripheral pix- 
els. Since the value which is inherently equal to 
135 has been set to 255, the error data is equal 
to -120 corresponding to a difference between 
255 and 135. In this instance, the error data is dif- 
fused at a ratio (stored in the diffusion table 363 
in the conversion circuit 36) which has been de- 
termined for peripheral 12 pixels as shown in Fig. 
4. 

@ The processes are executed to the next pixel. 
According to the error diffusion method as men- 
tioned above, even when the density level of one 
certain pixel changes, the error data is spread 
and diffused with respect to all of the pixels sub- 
sequent to such one pixel. 
According to the invention, in order to make the 
most of the feature of the partial writing process as a 
feature of the FLCD the pseudo halftone process is 
executed to only the changed portion, thereby raising 
an processing efficiency. 

The display data is loaded into the main memory 
via the HD 18, FD 19, LAN 16, or the like. The display 
data is processed by the CPU 11 and is transferred 
to the FLCD interface 27 by the DMAC 14. The above 
processes are continuously repeatedly executed in 
order to display continuous image data like an anima- 
tion. 

In the FLCD interface 27, the transferred display 
data is sent to the switcher 28, by which the number 
of lines of the display data is first counted. When it is 
detected that the display data of one image plane has 
been sent, the switch is switched. Due to this, the dis- 
play data is alternately stored into the frame buffers 
(a) 29 and (b) 30 on an image plane unit basis. In the 
initial state, the contents in the frame buffers 29 and 
30 have been cleared to 0. The data of one image 
plane in the first display data is stored into the frame 
buffer (a) 29. For convenience of explanation, it is 
now assumed that the display data sent at present is 
stored into the frame buffer (a) 29 and the display 
data of one image plane before which had precedingly 
sent has been stored in the frame buffer (b) 30. That 
Is, the display data in the frame buffer (b) 30 is dis- 
played on the FLCD 26 at a time point when the data 
Is being written into theframe buffer (a) 29. By switch- 
ing the switcher 31, the display data is supplied to the 
comparison circuit 32 on a line unit basis in corre- 
spondence to the frame buffers (a) 29 and (b) 30. The 
comparison circuit 32 has line buffers corresponding 
to two lines. The display data In the frame buffers (a) 
29 and (b) 30 is stored into the line buffers^ The com- 
parison circuit 32 compares the data stored in each 
buffer in the comparison circuit 32 by an amount of 
one line on a pixel unit basis. The line number is no- 



tified to the partial writing flag 35 in the case where 
even one pixel in the line differs. The compared dis- 
play data Is transferred to the frame buffer (c) 34. The 

5 above processes are sequentially repeated by an 
amount corresponding to one image plane. The con- 
version circuit 36 executes the pseudo halftone proc- 
ess with respect to the line in which the partial writing 
flag has been set. When the above error diffusion 

10 method is used in the pseudo halftone process, as 
shown in Fig. 6, as for a certain pixel, the error differ- 
ences of the preceding pixels before such a pixel is 
processed have been accumulated. Fig. 5 is a dia- 
gram showing to which pixels subsequent to a certain 

16 pixel the errors are diffused in the case where such 
a pixel was processed. 

In Fig. 7, when a pixel A is processed, the errors 
are spread to twelve pixels in the portion surrounded 
by a broken line. When an attention is paid to a pixel 

20 B In the broken line portion, the errors are spread to 
twelve pixels in the portion surrounded by an alter- 
nate long and short dash line. By repeating processes 
similar to those mentioned above, as for a pixel E, a 
density at the following ratio is added to the errors of 

25 the pixel A. 

E = (1/48) x (5/48) x (1/48) x (3/48) (1) 
The above equation, however, relates to the case 
where the pixels were processed in accordance with 
the order of A-* B-^C-^D. Inthe case where a pixel 

30 C was processed, the errors of A -> B -► C D must 
be added. 

Fig. 8 is diagram showing on which range the er- 
rors of a certain pixel exert an influence. However, 
Fig. 8 shows a range of the pixels such that the ab- 

35 solute value of the error is equal to or larger than 1 
when the errors generated in a pixel X in Fig. 8 lie 
within a range of ±127. Since the cumulative error of 
the errors of those pixels can be provided as a con- 
stant for the pixel to be processed, there is no need 

40 to execute complicated calculations (it is sufficient to 
perform only one addition and one multiplication). 
The constants of those cumulative errors are previ- 
ously held in the conversion circuit 36 as a table 
(hereinafter, referred to as an error spread table). The 

45 conversion circuit 36 recognizes the line to be bina- 
rized with reference to the partial writing flag 35 and 
executes a binarizing process to the display data in 
which the flag has been set in the data which is sent 
from the frame buffer (c) 34. The data corresponding 

60 to the pixel is extracted from the error frame buffer 37 
and the value of the error data is added to the,pixel 
and the resultant value is compared with a threshold 
value, thereby binarizing. Since the data which is sent 
from the frame buffer (c) 34 is used in the process of 

55 the next Image plane. It is stored into the frame buffer 
(d) 39. At the time point when the binarizing process 
is executed, the data displayed (data of the preceding 
image plane) has already been stored in the frame 
buffer (d) 39. Therefore, the data corresponding to 
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the pixel to be binarized is extracted from the frame 
buffer (d) 39. The value of the extracted pixel (value 
before the error data is added) is compared with the 
value of the pixel to be binarized. When they differ, 5 
the errors at a time point when the data of the pixel 
to be binarized was binarized must be reflected to the 
other pixels. Therefore, the errors of all of the pixels 
which are influenced are calculated in accordance 
with the above error spread table and are accumulat- 10 
ed into the error frame buffer 37. When the value of 
the pixels data stored in the frame buffer (d) 39 is 
equal to the value of the data of the corresponding 
pixel stored in the frame buffer (c) 34, there is no need 
to change the value of the errors stored in the frame 15 
buffer 37. Therefore, the value in the errorframe buf- 
fer 37 is not updated. The converted display data is 
transferred to the partial write control circuit. In the 
transfer circuit, the corresponding line of the FLCD 26 
is rewritten with reference to the partial writing flag. 20 
In the case where the number of lines whose values 
differ exceeds a predetermined value (hereinafter, 
such a value assumes a constant N) in the compari- 
son circuit 32, this means that the scene of the dis- 
play data has been switched, so that the reset circuit 25 
33 is activated. 

The reset circuit 33 initializes the partial writing 
flag 35, frame buffer 39, and error frame buffer 37. 

The binary data which was pseudo halftone proc- 
essed is outputted from the conversion circuit 36 and 30 
transferred to the partial write control circuit 38. The 
partial write control circuit 38 executes a partially writ- 
ing operation to the FLCD 26 with respect to the par- 
tial writing lines detected by the partial writing flag 35. 

By repeating the above processes, only the 35 
changed portion of the continuous data such as an 
animation can be pseudo halftone processed and dis- 
played. 

Fig. 9 is a flowchart when the operation of the 
embodiment is executed. In the diagram, the display 40 
data is read out from t he LAN 1 6. HD 1 8, or FD 1 9 and 
stored into the main memory 13 in step S01. In step 
S02, the display data read out in step S01 is convert- 
ed into the display data (multivalue data of every pix- 
el) which can be processed by the FLCD interface 27. 45 
In step S03, the display data corresponding to one im- 
age plane is transferred to the FLCD interface 27 by 
using the DMAC 14. In step S04, the display data Is 
processed by the FLCD interface 27 and displayed on 
the FLCD 26 (as will be explained herelnlater). In step so 
SOS, a check is made to see if the whole display data 
has completely been transferred to the FLCD inter- 
face or not If NO, the processing routine is returned 
to step S03. By repeating the processes from step 
S03 to SOS, the continuous data such as an animation 55 
can be displayed. 



[FLCD interface] 

Fig. 1 0 is a flowchart showing a procedure of the 
processes which are executed in the FLCD interface 
27. In Fig. 10, a reception process of the display data 
is executed in step S06. In step S07, the display data 
of the preceding image plane is compared with the 
display data extracted at present. In step S08, a check 
is made to see if the scene has been switched or not. 
When the scene is not switched, step S10 follows and 
the pseudo halftone process is executed to the por- 
tion in which those display data differ. In step S11, the 
partial writing operation is executed to the FLCD. 
When the scene is switched, the initializing process 
is executed in step S09. The processing routine ad- 
vances to step S10-1 and the pseudo halftone proc- 
ess is executed to all of the data of the image planes 
extracted at present. In step 81 1-1, the binary data 
corresponding to one image plane is written into the 
FLCD. 

[Display data reception process] 

Fig. 11 is a flow chart showing the detaas of the 
display data reception process in step S06 in Fig. 10. 
In Fig. 11 . the frame buffers (a) 29 and (b) 30 are ini- 
tialized in step S12. In step S13, a check is made to 
see if the display data has been transferred or not. 
The process in step S13 is repeated until the display 
data is transferred. In step S14, the displayed data 
transferred in step S13 is stored into the frame buffer 
(a) 29 or (b) 30. In step S15, a check is made to see 
if the display data corresponding to one image plane 
has been stored or not If NO, the processing routine 
is returned to step S13. If YES, step S1 6 follows and 
the switcher 31 is switched and the processing rou- 
tine is returned to step S13. The processes in steps 
S13 to S16 are repeated. 

[Display data comparison process] 

Fig. 12 is a flowchart showing the details of the 
display data comparison process in step S07 in Fig.. 
10. In Fig. 12, the count value of the line counter 324 
is reset to "0" in step S17. The flag 321 is reset to "0" 
in step S18. The comparison flag 322 is reset to "O". 
In step S19. The count value of the pixel counter 323. 
is reset to the initial value "0" in step S20. A check is 
made in step S21 to see if the display data for display 
at present corresponding to one pixel has been re- 
ceived or not The process in step S21 is repeated un- 
til the display data is received. In step S22, a check 
is made to see if the preceding display data corret 
sponding to one pixel has been received or not The 
process in step S22 is repeated until the display data' 
is received. In step S23, the value of the flag 321 is 
compared with the constant N. When the value of the 
flag 321 is equal to or larger than N, this means that 
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the image plane has been switched to quite a different 
image plane. Therefore, the data of one line is obvi- 
ously different from the preceding data without need- 
ing to perform the comparison in step S24, so that the 
processing routine advances to step S26. When the 
value of the flag 321 is smaller than N, step S24 fol- 
lows and the comparison flag 322 is checked. When 
the value of the comparison flag 322 is not equal to 
"0", this means that the at least one of the different 
pixels has already been detected In the line which is 
now being compared. Thus, step S26 follows. When 
the value of the comparison flag 322 is equal to "0", 
step S25 follows. In step S25, the data of the pixel re- 
ceived in step S21 (present display data) is compared 
with the data of the pixel received in step S22 (one 
preceding display data). When they are equal, step 
S27 follows. When they are different, the comparison 
flag is set to "1" in step S26. In step S27, the pixel 
which has been received in step S21 and is display at 
present is transferred to the frame buffer (c) 34. In 
step S28, the count value of the pixel counter 323 is 
increased by +1. In step S29, the count value of the 
pixel counter 323 is checked, thereby judging wheth- 
er the comparing operations corresponding to one 
line have been finished or not If NO, the processing 
routine is returned to step S21 . By repeating the proc- 
esses in steps S21 to S29, the data corresponding to 
one line is compared. If YES in step S29, step S30 fol- 
lows. In step S30, a check is made to see if the value 
of the comparison flag 322 is equal to "0" or not If 
YES, this means that the present display data is the 
same as the data of the preceding display line, so that 
step S32 follows. When the value of the comparison 
flag 322 is not equal to m 0* in step S30, this means 
that the data of the present display line differs from 
the data of the preceding display data, so that the val- 
ue of the flag is increased by +1 in step S31. In step 
S311, the flag corresponding to the line is set into the 
partial writing flag 35. In step S32, the count value of 
the line counter 324 Is increased by +1. In step S33, 
the count value of the line counter 324 is checked, 
thereby discriminating whether the comparing oper- 
ations of one image plane have been finished or not 
If NO, the processing routine is returned to step S19. 
By repeating the processes in steps S19 to S33 f the 
data corresponding to one image plane is compared. 
If YES In step S33. step S17 follows and the compar- 
ing processes corresponding to the next image plane 
are executed. 

[Pseudo halftone process] 

Fig. 13 is a flowchart showing the details of the 
pseudo halftone process in step S10 of the partial 
writing portion in Fig. 10. With respect to the pseudo 
halftone process corresponding to one image plane 
in step S10-1, all of the data of one image plane is bi- 
narized by the error diffusion method. Therefore, its 



detailed description are omitted here. 

In Fig. 13, in step S34, the line to be partially writ- 
ten is extracted by retrieving the inside of the partial 

5 writing flag 35. In step S35, the count value of the pix- 
el counter 362 is reset to "0". In step S36, the pixel 
corresponding to the count value of the pixel counter 
362 of the line corresponding to the line detected in 
step S34 is extracted from the frame buffer (c) 34. In 

10 step S361, the cumulative error data corresponding 
to the value of the pixel counter 362 of the line cor- 
responding to the line obtained in step S34 is extract 
ed from the errorframe buffer 37. In step S37, the val- 
ue which is derived by adding the value of the pixel 

15 fetched in step S36 and the cumulative error data 
fetched in step S361 is binarized on the basis of the 
threshold value. In step S38, the value binarized in 
step S37 is set to the location in the buffer 361 cor- 
responding to the value of the pixel counter 362. In 

20 step S39, the pixel corresponding to the value of the 
pixel counter 362 of the line corresponding to the line 
obtained in step S34 is extracted from the frame buf- 
fer (d) 39. In step S40, the value of the pixel fetched 
in step S36 is compared with the value of the pixel 

25 fetched in step S39. When they are equal, since there 
is no need to update the error data stored in the error 
frame buffer 37, the processing routine advances to 
step S43. When they are different in step S40, step 
S41 follows. In step S41 , differences between the in- 

30 put data and the binary data (0, 255) which occur 
upon binarization in step S37 are obtained. The error 
data that is diffused to a plurality of pixels is obtained 
by using the error spread table 364. In step S42, the 
value calculated in step S41 is rewritten in place of the 

35 cumulative error data stored at the corresponding lo- 
cation in the errorframe buffer 37, thereby updating 
the error frame buffer 37. In step S421, the pixel 
fetched in step S36 is set into the frame buffer (d) 39 
at the location corresponding to the value of the pixel 

40 counter 362 of the line corresponding to the line ob- 
tained in step S34. 

In step S43, the count value of the pixel counter 
362 is increased by +1. In step S44, the count value 
of the pixel counter 362 is checked, thereby judging 

45 whether the processes corresponding to one line 
have been finished or not tf NO, the processing rou- 
tine is returned to step S36. By repeating the process- 
es in steps S36 to S44, the halftone processes cor- 
responding to one line are executed. When it is deter- 
60 mined in step S44 that the processes for one line 
have been finished, in step S45, the display data in 
the buffer 361 is transferred to the partial write con- 
trol circuit 38 and the processing routine is returned 
to step S34. The processes in step S34 to S45 are re- 
55 peated after that 

(Initializing process] 

Fig. 14 is a flowchart for the initializing process 
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in step S09 in Fig. 10. The initializing process is exe- 
cuted when the scene is switched in the comparison 
between the preceding image plane and the image 
plane to be newly displayed. In step S46, the error 
frame buffer 37. frame buffer (c) 39, and partial writ- 
ing flag are initialized. 

Although the embodiment has been described 
with respect to the case where the input data is ex- 
pressed by one color, namely, the case of a mono- 
chromatic display, a color image can be also dis- 
played by executing the above processes for each of 
the input data of three colors of R, G, and B. 

Such a color display can be realized by providing 
the circuit shown in Fig. 2 for each of the input data 
of R, G, and B. 

The display apparatus is not limited to the appa- 
ratus having the ferroelectric liquid crystal device as 
mentioned above but can also use a liquid crystal dis- 
play apparatus of what is called a TFT type. 

A method of executing the halftone process 
which can be used in the embodiment is not limited to 
the error diffusing method. It is also possible to use 
any other method such as average error least meth- 
od, average density preserving method, or the like 
which can correct the errors occurring when input 
data is quantized. 

Although the embodiment has been described 
with respect to the example in which the input data is 
converted into the binary data, in the case where the 
FLCD can display gradations of a multilevel which is 
largerthan 2 for one pixel, it is sufficient that the input 
data is quantized into the multilevel data which can be 
displayed by the FLCD and that the error data in the 
error frame buffer 37 is updated on the basis of the 
error data occurring upon quantization. 

According to the present invention as described 
above, in the case where an animation is halftone 
processed by the quantizing method of the density 
preserving type and is displayed, the halftone proc- 
ess is executed to only the changed portion which 
was changed from the preceding image plane, so that 
the display data can be displayed at a high speed by 
t he efficient processes. 

Moreover, since the error data necessary to the 
halftone process of the changed portion has previ- 
ously been stored in the memory, the display image 
of a high Image quality can be obtained by using the 
error data stored in the memory. 

Further, in the case where the scene of the dis- 
play data is changed, the error data of the preceding 
image plane stored in the memory is reset and the 
halftone process is executed for the input data of one 
Image plane, so thatthe binarizing process according 
to the input data can be executed at a high fidelity. 

Although the present invention has been descri- 
bed with respectto the preferred embodiment the In- 
vention is not limited to the foregoing embodiment but 
many modifications and variations are possible within 



the spirit and scope of the appended claims of the in- 
vention. 



Claims 

1, A display control apparatus comprising: 

input means for inputting image data; 
10 memory means for storing said inputted 

image data by an amount corresponding to first 
and second image planes; 

comparing means for comparing the im- 
age data of the first image plane and the image 
15 data of the second image plane stored in said 
memory means; 

processing means for executing a halftone 
process to the image data of the pixel such that 
the value of the image data of the first image 
20 plane differs from the value of the image data of 
the second image plane; and 

transmitting means for transmitting the 
data which has been halftone processed by said 
processing means to a display apparatus. 

25 

2. An apparatus according to claim 1, 

wherein said display apparatus is constructed by 
a ferroelectric liquid crystal device. 



30 



35 



40 



46 



3. An apparatus according to claim 1, 

wherein said input means inputs image data sent 
from a computer. 

4. An apparatus according to claim 1, 

wherein said processing means binarizes the im- 
age data into the binary data. 

5. An apparatus according to claim 4, 
further having: 

means for calculating errors which occur 
when the image data is converted into the binary 
data; and 

an error memory to store said calculated 

errors. 



6. An apparatus according to claim 5, 

wherein said error memory stores error data oc- 
curring when the image data of the first image 
plane is binarized, and the error data stored is 
so used when the Image data of the second Image 
plane is binarized. 

7. An apparatus according to claim 1, 

wherein said comparing means compares the im- 
55 age data of the first and second image planes 
one pixel by one, and said processing means 
executes a halftone process to the Image data of 
all of the pixels of the lines having the pixels in 
which It is determined as a result of the cbmpalP 

8 
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ison that said image data are different 

8. A display control apparatus comprising: 

input means for inputting image data of 5 
first and second image planes; 

processing means for executing a halftone 
process to said inputted image data; 

memory means for storing error data oc- 
curring due to the execution of the halftone proc- 10 
ess by said processing means; and 

transmitting means for transmitting the 
data which has been halftone processed by said 
processing means to a display apparatus, 

wherein said memory means stores the 15 
error data occurring when the image data of the 
first image plane is halftone processed, and 

when the image data of the second image 
plane is processed, said processing means exe- 
cutes the halftone process on the basis of the er- 20 
ror data stored in the memory means and the im- 
age data. 



9. An apparatus according to claim 8, 

wherein said display apparatus is constructed by 
a ferroelectric liquid crystal device. 

10. An apparatus according to claim 8, 

wherein said input means inputs image data sent 
from a computer. 

11. An apparatus according to claim 8, 

wherein said processing means binarizes the im- 
age data into the binary data. 



25 



30 



35 



12. An apparatus according to claim 8, 

further having comparing means for comparing 
the image data of the first image plane and the 
image data of the second image plane, 

and wherein said processing means exe- 40 
cutes the halftone process to the image data of 
the pixel of the second image plane such that the 
value of the image data of the first image plane 
is different from the value of the image data of the 
second image plane. 46 

13. An apparatus according to claim 12, 

further having means for updating the error data 
stored in said memory means on the basis of the 
error data occurring when the image data of the 60 
second image plane is halftone processed. 

14. A display control apparatus comprising: 

input means for inputting image data of 
first and second Image planes; « 

processing means for executing a halftone 
process to said inputted image data; 

memory means for storing error data oc- 
curring due to said halftone process; 



transmitting means for transmitting the 
data which has been halftone processed by said 
processing means to a display apparatus; 

judging means for comparing the image 
data of the first image plane and the image data 
of the second image plane, thereby judging 
whether a scene has been switched or not; and 

control means for resetting the error data 
stored in said memory means when said judging 
means discriminates that the scene has been 
switched. 

15. An apparatus according to claim 14, 

wherein said memory means stores the error 
data occurring when the image data of the first 
image plane is halftone processed. 

16. An apparatus according to claim 15, 

wherein when the scene is not switched, said 
processing means executes the halftone process 
to the image data of the second image plane on 
the basis of the error data stored in said memory 
means and the image data of the second image 
plane. 

17. Adisplay control method comprising the steps of: 

inputting image data; 

storing said inputted image data by an 
amount corresponding to first and second image 
planes; 

comparing the stored image data of the 
first and second image planes; 

executing a halftone process to the image 
data of the pixel of the second image plane in 
which the value of the image data of the first im- 
age plane differs from the value of the image data 
of the second image plane; and 

transmitting said halftone processed im- 
age data to a display apparatus. 

18. A display control apparatus in which an image 
which has been halftone processed by a quantiz- 
ing method of a density preserving type is dis- 
played on an FLC display. 

19. A display control apparatus as claimed in daim 
17, characterised in that when an image which 
has been halftone processed by a quantizing 
method of the density preserving type Is dis- 
played, by executing the halftone process to the 
preceding image plane and the changed portion, 
the display can be efficiently displayed at a high 
speed. 

20. Adisplay control apparatus as claimed in claim 1 8 
or 19, characterised in that error data which is 
necessary for the halftone processes of the pre- 
ceding image plane and the changed portion is 
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previously stored into a memory, so that a display 
image of a high picture quality can be obtained by 
using the error data stored in the memory. 

5 

21. A display control apparatus as claimed in claim 
1 8, 1 9 or 20 characterised in that when the scene 
of display data is switched, the error data of the 
preceding image plane stored in a memory is re- 
set and the halftone process is executed to the 10 
data of one image plane inputted, so that a binar- 
izing process which conforms with the input data 
at high fidelity can be executed. 

15 
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Abstract 



Display control apparatus and method for a display apparatus having a ferroelectric liquid crystal as an operating medium for 
updating a display which can hold a display state updated by applying an electric field or the like. The display control apparatus 
comprises an input device to input image data, a memory to store the inputted image data by an amount corresponding to first 
and second image planes, a comparator to compare the stored image data of the first and second image planes, a processor to 
halftone process the image data of the pixel in which the value of the image data of the first image plane is different from the 
value of the image data of the second image plane and a transmitting circuit to transmit the data which has been halftone 
processed by the processor to a display apparatus such as a ferroelectric liquid crystal display. The image data is sent from a 



computer, a hard disc drive, a floppy disk drive, or the like. 
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Description 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to display control apparatus and method and, more particularly, to display control apparatus and 
method for a display apparatus having, for example, a ferroelectric liquid crystal as an operating medium for updating a display 
content, in which such a ferroelectric liquid crystal can hold a display state updated by applying an electric field or the like. 



Related Background Art 



Generally, in an information processing system or the like, a display apparatus is used as information display means for 
performing a visual expressing function of information. A CRT display apparatus is widely known as such a display apparatus. 

In a display control in the CRT display apparatus, the writing operation of a CPU on the system side for a video memory as a 
display data buffer which the CRT side has and the operations to read out the display data from a video memory and to display 
the display data which are executed by, for example, a CRT controller which the CRT side has are respectively independently 
executed. 

In case of the display control of the CRT as mentioned above, the writing operation of the display data to the video memory for 
the purpose of a change in display information or the like and the operations to read out the display data from the video 
memory and to display it are independently executed. Therefore, there is an advantage such that in a program on the 
information processing system side, there is no need to consider the display timing or the like and desired display data can be 
written at an arbitrary timing. 

On the other hand, since the CRT needs a certain length in the direction of thickness of the display screen in particular, a 
volume of whole CRT increases and it is difficult to miniaturize the whole display apparatus. Consequently, when the 
information processing system using such a CRT as a display is used, degrees of freedom, namely, degrees of the installing 
location, portability, and the like are lost 

A liquid crystal display (hereinafter, referred to as an LCD) can be used as a display which can solve such a drawback. 
Namely, according to the LCD, the whole display apparatus can be miniaturized (especially, a thickness can be thinned). 
Among such LCDs, there is a display (hereinafter, referred to as an FLCD: FLC display) using a liquid crystal cell of a 
ferroelectric liquid crystal (hereinafter, referred to as an FLC: Ferroelectric Liquid Crystal) mentioned above. One of the 
features of the FLCD is that the liquid crystal cell has a preserving performance of a display state when an electric field is 
applied. Namely, in the FLCD, the liquid crystal cell is enough thin and an elongated FLC molecule in the- liquid crystal cell is 
oriented in the first or second stable state in accordance with the applying direction of the electric field. Even when the electric 
field is extinguished, each orienting state is maintained. The FLCD has a memory performance due to such a bistability of the 
FLC molecule. Such FLC and FLCD have been described in detail in, for example, the Official Gazette of U.S. Patent No. 
4,964,699. 

Therefore, in case of driving the FLCD, different from the CRT or other liquid crystal displays, there is a surplus time in the 
continuous refresh driving period of time of the display screen. On the other hand, irrespective of the continuous refresh 
driving, it is possible to perform a partially rewriting driving to update the display state of only the portion corresponding to the 
change portion on the display screen. 

Therefore, in the FLCD, if the partially rewriting driving can be property executed at a good timing, the advantage of the FLCD 
can be further enhanced. 

If such an FLCD can be used as a display apparatus of the information processing system so as to have a compatibility with 
the CRT, a flexibility of the system increases and its value can be raised. 

From the above viewpoint, it is possible to consider a display control method whereby the partially rewriting operation of a 
predetermined portion is preferentially executed than the partially rewriting operation of the other display information. As a 
display example based on such a display control method, there is a display of continuous image data like an animation and 
such a display needs to visually change the display state in a real-time manner. 

In the case where the display data has a density value every pixel of R (Red), G (Green), and B (Blue), it is necessary to 
convert the display data into the data which can be displayed (expressed) by the FLCD. 

In case of using a method (for example, an error diffusion method) whereby errors which occur upon conversion are reflected 
to the other pixels instead of a method whereby the conversion Is independently executed on a pixel unit basis, there is a 
problem such that it is necessary to take the converting method into consideration in the partially rewriting driving method. 

On the other hand, in case of using the FLCD in place of the CRT as a display apparatus of the information processing system 
having the CRT display, an essential problem occurs from a viewpoint of the construction. That is, the CPU on the system side 
merely transfers the display data of one image plane regarding the display updating and its addresses to the display -apparatus 
side. There is, accordingly, a problem with respect to how to discriminate the preceding image plane and the changed portion 
and to execute the partially rewriting operation as mentioned above. 
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SUMMARY OF THE INVENTION 

The present invention intends to eliminate the drawbacks of the conventional technique as mentioned above and to provide 
display control apparatus and method which can display a moving image of a high picture quality to a display apparatus at a 
high speed. 

Another object of the invention is to provide display control apparatus and method in which an image which has been halftone 
processed by a quantizing method of a density preserving type can be efficiently displayed on an FLC display. 

Still another object of the invention is to provide display control apparatus and method in which when an image which has been 
halftone processed by a quantizing method of the density preserving type is displayed, by executing the halftone process to 
the preceding image plane and the changed portion, the display can be efficiently displayed at a high speed. 

Further another object of the invention is to provide image processing apparatus and method in which error data which is 
necessary for the halftone processes of the preceding image plane and the changed portion is previously- stored into a 
memory, so that a display image of a high picture quality can be obtained by using the error data stored in the memory. 

Further another object of the invention is to provide image processing apparatus and method in which when the scene of 
display data is switched, the error data of the preceding image plane stored in a memory is reset and the halftone process is 
executed to the data of one image plane inputted, so that a binarizing process which conforms with the input data at a high 
fidelity can be executed. 

The above and other objects and features of the present invention will become apparent from the following detailed description 
and the appended claims with reference to the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a system construction according to an embodiment of the present invention; 

Fig. 2 is a block diagram showing a detailed construction of an FLCD interface in Fig. 1; 

Fig. 3A is a diagram showing a comparison circuit in Fig. 2; 

Fig. 38 is a diagram showing a conversion circuit in Fig. 2; 

Figs. 4 to 8 are diagrams for explaining an error diffusion method; and 

Figs. 9 to 14 are flowcharts for explaining a display control according to an embodiment. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



An embodiment of the present invention will be described in detail hereinbelow with reference to the drawings. 

Fig. 1 is a block diagram of an information processing system using an FLC display apparatus having a display control 
apparatus according to an embodiment of the present invention as a display apparatus of various kinds of characters, image 
information, and the like. In the diagram, reference numeral 1 1 denotes a CPU to control the whole information processing 
system; 13 a main memory which is used to store programs which are executed by the CPU 1 1 or is used as a work area 
when the programs are executed; and 14 a DMA controller (Direct Memory Access Controller; hereinafter, referred to as a 
DMAC) to transfer data among the main memory 13 and various kinds of apparatuses constructing the information processing 
system without passing through the CPU 11. Reference numeral 15 denotes an LAN interface to interface between an LAN 
(Local Area Network) 16 such as an Ethernet or the like and the system and 17 indicates an input/output apparatus 
(hereinafter, referred to as I/O) having an ROM. an SRAM, an interface of the RS232C type, and the like. Various kinds of 
external apparatuses can be connected to the I/O 17. Reference numerals 18 and 19 denote a hard disc drive and a floppy 
disc drive as external memory devices; 20 a disk interface to connect signals between the hard disc drive 18 and floppy disk 
drive 19 and the system; 21 a printer which can record at a relatively high resolution and can be constructed by an ink jet 
printer, a laser beam printer, or the like; 22 a printer interface to connect signals between the printer and the system 23 a 
keyboard to input character information such as various kinds of characters or the like, control information, or the like; 24 a 
mouse as a pointing device; 25 a key interface to connect signals among the keyboard 23, the mouse 24, and the system; and 
26 an FLC display apparatus (hereinafter, also referred to as an FLCD) whose display is controlled by an FLCD interface 27 as 
a display control apparatus according to an embodiment of the present invention. The FLCD has a display screen using the 
foregoing ferroelectric liquid crystal as a display operating medium. Reference numeral 12 denotes a system bus comprising a 
data bus, a control bus, and an address bus to connect signals among the above various apparatuses. 

In the information processing system to which the above various kinds of apparatuses or the like are connected, generally .the 
user of the system operates in correspondence to various information which is displayed on the display screen of the FLCD 26. 
That is, character information, image information, or the like which is supplied from an external apparatus (for example, 
scanner) that is connected to the LAN 16 or I/O 17, or from the hand disc 18, floppy disk 19, keyboard 23, or mouse 24 or 
operation information which has been stored in the main memory 13 and relates to a system operation of the user, or the like 
is displayed on the display screen of the FLCD 26. While observing the contents displayed on the screen, the user edits the 
information or executes an instructing operation to the system. The above various kinds of apparatuses or the like construct 
display information supplying means to the FLCD 26, respectively. 

Fig. 2 is a block diagram showing the details of the FLCD interface 27. In the diagram, a switcher 28 is connected to the 
system bus 12. Each of a frame buffer (a) 29 and a frame buffer (b) 30 can store the display data of one image plane (one 
pixel consists of eight bits). The frame buffers 29 and 30 are connected to the switchers 28 and 31 , respectively. Reference 
numeral 32 denotes a comparison circurL As shown in detail in Fig. 3A, the comparison circuit 32 has: a flag 321 for judgment 
when the image plane is switched; a comparison flag 322 indicative of the result of the judgment of the pixel of one line;, a pixel 
counter 323 to count the number of pixels of one line; and a line counter 324 to count the number of lines of one image plane. 
Reference numeral 34 denotes a frame buffer (c) (one pixel consists of eight bits) to store the display data of one image plane 
and transfer the data to a conversion circuit 36. The conversion circuit 36 executes a pseudo halftone process. As shown in 
detail in Fig. 3B. the conversion circuit 36 has: a buffer 361 for one line; a pixel counter 362 to count the number of pixels of 
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which is spread to each pixel when the error data generated when the input data has been binarized is diffused. Reference 
numeral 39 denotes a frame buffer (d) (one pixel consists of eight bits) to store the data displayed at that time point by an 
amount corresponding to one image plane. Reference numeral 35 denotes a partial writing flag. By setting the flag into a line to 
be partially rewritten, the line is stored. Reference numeral 37 denotes the error frame buffer to store errors occurnng when the 
8-bit data is converted into the 1-bit data by the conversion circuit 36. The error frame buffer 37 has a capacity corresponding 
to one image plane (one pixel consists of eight bits). 

The error data stored in the error frame buffer 37 will now be briefly explained. 

It is now considered the case of binarizing the image data of one pixel a in one image plane by the conversion circuit 36. In the 
conversion circuit 36, the error data stored at the same address as alpha is read out from the error frame buffer 37 and the 
error data is added to the image data of the pixel alpha . The result of the addition is binarized on the basis of a predetermined 
threshold value. Now, the error data occurring when the previous image plane had been binarized has been stored in the error 
frame buffer 37. In the embodiment, only the portion in which the value of the inputted data was changed from the preceding 
image plane is binarized. Therefore, in the data of a certain image plane, when a pixel beta in which the value of date differs 
from that of the preceding image plane occurs, all of the pixels before the pixel beta have the same data as that of the 
preceding image plane. Therefore, as error data which is added to the pixel beta . it is sufficient to use the error data stored in 
the error frame buffer 37 in which the error data of the preceding image plane has been stored. The error data in the error 
frame buffer 37 is updated on the basis of the binary error data which is generated when the data of the pixel beta is binarized. 
The updated error data is used when the pixels after the pixel beta or the pixels of the next and subsequent image planes are 
binarized. 

Reference numeral 33 denotes a reset circuit to initialize the error frame buffer 37. partial writing flag 35. and frame buffer (d) 
39. 

On the basis of the signal from the comparison circuit 32. when it is determined that the preceding image plane differs from the 
present inputted image plane (such a case occurs when a scene is switched or the like), the binanzmg process by the error 
diffusion method must be executed for the whole area of one image plane with respect to the newly inputted image plane. 
Therefore, the data stored in the error frame buffer 37, partial writing flag 35, and frame buffer 39 are unnecessary. 
Accordingly, the reset circuit 33 resets those data. 

Reference numeral 38 denotes a partial write control circuit for executing a partial writing operation to the FLCD 26 with 
respect to the partial writing line detected by the partial writing flag 35. In the embodiment, for simplicity of explanation, it is 
now assumed that the display data which is sent from the system bus is black and white data of eight bits. 

In the embodiment, it is now assumed that the conversion circuit 36 converts the 8-bit data into the 1-bit data i by using the error 
diffusion method as a pseudo halftone process. The principle of the error diffusion method is shown in Figs. 4 and 5. Since the 
input data is the 8-bit data, densities of 256 gradations are expressed and a threshold value for bmanzation assumes 127 
1/ &cir& A density of pixel which is at present processed assumes 135. The density value 135 is cumulative data in which the 
errors occurring by the preceding binarizing processes were added. Namely, the cumulative data denotes data in which the 
diffused error data was added to the input data and is data that is actually binarized (pseudo halftone processed) by the 

2/ Idr&Elme^one of 0 and 255 is decided. In the above case where the cumulative data is equal to 135, since it is larger than 
the binarization threshold value 1 27, it is set to 255. u * *~ 

3/ &cir& The error data is diffused to the peripheral pixels. Since the value which is inherently equal to 135 has been set to 
255 the error data is equal to -120 corresponding to a difference between 255 and 135. In this instance, the error data is 
diffused at a ratio (stored in the diffusion table 363 in the conversion circuit 36) which has been determined for penpheral 12 

4/ X &dr& S T?e°^ executed to the next pixel. According to the error diffusion method as mentioned above, even when 

the density level of one certain pixel changes, the error data is spread and diffused with respect to all of the pixels subsequent 
to such one pixel. 

According to the invention, in order to make the most of the feature of the partial writing process as a feature of the FLCD the 
pseudo halftone process is executed to only the changed portion, thereby raising an processing efficiency. 

The display data is loaded into the main memory via the HD 18, FD 19. LAN 16. or the like. The display data is processed by 
the CPU 1 1 and is transferred to the FLCD interface 27 by the DMAC 14. The above processes are continuously repeatedly 
executed in order to display continuous image data like an animation. 

In the FLCD interface 27, the transferred display data is sent to the switcher 28, by which the number of lines of the display 
data is first counted. When it is detected that the display data of one image plane has been sent, the switch is switched. Due 
to this the display data is alternately stored into the frame buffers (a) 29 and (b) 30 on an image plane unit basis. In the initial 
state the contents in the frame buffers 29 and 30 have been cleared to 0. The data of one image plane in the first display data 
is stored into the frame buffer (a) 29. For convenience of explanation, rt is now assumed that the display data sent at P^sent is 
stored into the frame buffer (a) 29 and the display data of one image plane before which had pre^dingly sent has been i stored 
in the frame buffer (b) 30. That is, the display data in the frame buffer (b) 30 is displayed on the FLCD 26 at a tame point when 
the data is being written into the frame buffer (a) 29. By switching the switcher 31 the display 'data * supplied I to 
comparison circuit 32 on a line unit basis in correspondence to the frame buffers (a) 29 and (b) 30. The comparison circuit 32 
has Hne buffers corresponding to two lines. The display data in the frame buffers (a) 29 and (b) 30 is stored into the yne 
buffers The comparison circuit 32 compares the data stored in each buffer in the comparison circuit 32 by an amount of -one 
line on a pixel unit basis. The line number is notified to the partial writing flag 35 in the case where even one pixel in the line 
differs. The compared display data is transferred to the frame buffer (c) 34. The above processes are ^ uenta ^^ a ^l^ 
an amount corresponding to one image plane. The conversion circuit 36 executes the pseudo ^^^^^J^S 
the line in which the partial writing flag has been set When the above error diffusion method is used in the pseudo haWone 
process as shown in Fig. 6, as for a certain pixel, the error differences of the preceding pixels before such a pixel is proces sed 
have been accumulated. Fig. 5 is a diagram showing to which pixels subsequent to a certain pixel the errors are diffused in the 
case where such a pixel was processed. 

In Fig 7 when a pixel A is processed, the errors are spread to twelve pixels in the portion surrounded by 4 broken line. When r 
an attention is paid to a pixel B in the broken line portion, the errors are spread to twelve pixels in the portion w^jMjj** V * n 
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following ratio is added to the errors of the pixel A. 
"(1)" E = (1/48) x (5/48) x (1/48) x (3/48) 



The above equation, however, relates to the case where the pixels were processed in accordance with the order of A -> B -> C 
-> D. In the case where a pixel C was processed, the errors of A -> B -> C -> D must be added. 

Fig. 8 is diagram showing on which range the errors of a certain pixel exert an influence. However, Fig. 8 shows a range of the 
pixels such that the absolute value of the error is equal to or larger than 1 when the errors generated in a pixel X in Fig. 8 lie 
within a range of +/-127. Since the cumulative error of the errors of those pixels can be provided as a constant for the pixel to 
be processed, there is no need to execute complicated calculations (it is sufficient to perform only one addition and one 
multiplication). The constants of those cumulative errors are previously held in the conversion circuit 36 as a table (hereinafter, 
referred to as an error spread table). The conversion circuit 36 recognizes the line to be binarized with reference to the partial 
writing flag 35 and executes a binarizing process to the display data in which the flag has been set in the data which is sent 
from the frame buffer (c) 34. The data corresponding to the pixel is extracted from the error frame buffer 37 and the value of 
the error data is added to the pixel and the resultant value is compared with a threshold value, thereby binarizing. Since the 
data which is sent from the frame buffer (c) 34 is used in the process of the next image plane, it is stored into the frame buffer 
(d) 39. At the time point when the binarizing process is executed, the data displayed (data of the preceding image plane) has 
already been stored in the frame buffer (d) 39. Therefore, the data corresponding to the pixel to be binarized is extracted from 
the frame buffer (d) 39. The value of the extracted pixel (value before the error data is added) is compared with the value of the 
pixel to be binarized. When they differ, the errors at a time point when the data of the pixel to be binarized was binarized must 
be reflected to the other pixels. Therefore, the errors of all of the pixels which are influenced are calculated in accordance with 
the above error spread table and are accumulated into the error frame buffer 37. When the value of the pixels data stored in 
the frame buffer (d) 39 is equal to the value of the data of the corresponding pixel stored in the frame buffer (c) 34, there is no 
need to change the value of the errors stored in the frame buffer 37. Therefore, the value in the error frame buffer 37 is not 
updated. The converted display data is transferred to the partial write control circuit In the transfer circuit, the corresponding 
line of the FLCD 26 is rewritten with reference to the partial writing flag. In the case where the number of lines whose values 
differ exceeds a predetermined value (hereinafter, such a value assumes a constant N) in the comparison circuit 32, this 
means that the scene of the display data has been switched, so that the reset circuit 33 is activated. 

The reset circuit 33 initializes the partial writing flag 35, frame buffer 39, and error frame buffer 37. 

The binary data which was pseudo halftone processed is outputted from the conversion circuit 36 and transferred to the partial 
write control circuit 38. The partial write control circuit 38 executes a partially writing operation to the FLCD 26 with respect to 
the partial writing lines detected by the partial writing flag 35. 

By repeating the above processes, only the changed portion of the continuous data such as an animation can be pseudo 
halftone processed and displayed. 

Fig. 9 is a flowchart when the operation of the embodiment is executed. In the diagram, the display data is read out from the 
LAN 16, HD 18, or FD 19 and stored into the main memory 13 in step S01. In step S02, the display data read out in step S01 
is converted into the display data (muitivaiue data of every pixel) which can be processed by the FLCD interface 27. In step 

503, the display data corresponding to one image plane is transferred to the FLCD interface 27 by using the DMAC 14. In step 

504, the display data is processed by the FLCD interface 27 and displayed on the FLCD 26 (as will be explained hereinlater). 
In step S05, a check is made to see if the whole display data has completely been transferred to the FLCD interface or not. If 
NO, the processing routine is returned to step S03. By repeating the processes from step S03 to S05, the continuous data 
such as an animation can be displayed. 



[FLCD interface] 



Fig. 10 is a flowchart showing a procedure of the processes which are executed in the FLCD interface 27. Jn Fig. 10, a 
reception process of the display data is executed in step S06. In step S07, the display data of the preceding image plane is 
compared with the display data extracted at present In step SOS, a check is made to see if the scene has been switched or 
not When the scene is not switched, step S10 follows and the pseudo halftone process is executed to the portion in which 
those display data differ. In step S11 , the partial writing operation is executed to the FLCD. When the scene is switched, the 
initializing process is executed in step S09. The processing routine advances to step S10-1 and the pseudo halftone process is 
executed to all of the data of the image planes extracted at present. In step S1 1-1 , the binary data corresponding to one image 
plane is written into the FLCD. 



[Display data reception process] 



Fig. 1 1 is a flow chart showing the details of the display data reception process in step S06 in Fig. 10. In Fig. 1 1 , the frame 
buffers (a) 29 and (b) 30 are initialized in step S12. In step S13, a check is made to see rf the display data has been 
transferred or not The process in step S13 is repeated until the display data is transferred. In step S 14, the displayed data 
transferred in step S13 is stored into the frame buffer (a) 29 or (b) 30. In step S15, a check is made to see if the display data 
corresponding to one image plane has been stored or not If NO, the processing routine is returned to step S13. If YES, step 
S16 follows and the switcher 31 is switched and the processing routine is returned to step S13. The processes in steps S13 to 
S16 are repeated. 



[Display data comparison process] 



Rg. 12 is a flowchart showing the'betails of the display data comparison process in step S07 in Fig. 10. In Fig. 12, the count 
value of the line counter 324 is reset to "0" in step S17. The flag 321 is reset to "0" in step S18. The comparison flag 322 is 
reset to "0" in step S19. The count value of the pixel counter 323 is reset to the initial value "0" in step S20. A check is made in 
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step S21 is repeated until the display data is received. In step S22, a check is made to see if the preceding display data 
corresponding to one pixel has been received or not. The process in step S22 is repeated until the display data is received. In 
step S23. the value of the flag 321 is compared with the constant N. When the value of the flag 321 is equal to or larger than 
N, this means that the image plane has been switched to quite a different image plane. Therefore, the data of one line is 
obviously different from the preceding data without needing to perform the comparison in step S24, so that the processing 
routine advances to step S26. When the value of the flag 321 is smaller than N, step S24 follows and the comparison flag 322 
is checked. When the value of the comparison flag 322 is not equal to "0". this means that the at least one of the different 
pixels has already been detected in the line which is now being compared. Thus, step S26 follows. When the value of the 
comparison flag 322 is equal to "0", step S25 follows. In step S25, the data of the pixel received in step S21 (present display 
data) is compared with the data of the pixel received in step S22 (one preceding display data). When they are equal, step S27 
follows. When they are different the comparison flag is set to "1" in step S26. In step S27, the pixel which has been received 
in step S21 and is display at present is transferred to the frame buffer (c) 34. In step S28, the count value of the pixel counter 
323 is increased by +1 . In step S29, the count value of the pixel counter 323 is checked, thereby judging whether the 
comparing operations corresponding to one line have been finished or not. If NO, the processing routine is returned to step 
S21. By repeating the processes in steps S21 to S29, the data corresponding to one line is compared. If YES in step S29, step 
S30 follows. In step S30, a check is made to see if the value of the comparison flag 322 is equal to "0" or not. If YES, this 
means that the present display data is the same as the data of the preceding display line, so that step S32 follows. When the 
value of the comparison flag 322 is not equal to "0" in step S30, this means that the data of the present display line differs from 
the data of the preceding display data, so that the value of the flag is increased by +1 in step S31 . In step S31 1 , the flag 
corresponding to the line is set into the partial writing flag 35. In step S32, the count value of the line counter 324 is increased 
by +1 . In step S33, the count value of the line counter 324 is checked, thereby discriminating whether the comparing 
operations of one image plane have been finished or not. If NO, the processing routine is returned to step S19. By repeating 
the processes in steps S19 to S33, the data corresponding to one image plane is compared. If YES in step S33, step S17 
follows and the comparing processes corresponding to the next image plane are executed. 



[Pseudo halftone process] 

Fig. 13 is a flowchart showing the details of the pseudo halftone process in step S10 of the partial writing portion in Fig. 10. 
With respect to the pseudo halftone process corresponding to one image plane in step S10-1 , all of the data of one image 
plane is binarized by the error diffusion method. Therefore, its detailed description are omitted here. 

In Fig. 13, in step S34, the line to be partially written is extracted by retrieving the inside of the partial writing flag 35. In step 
S35, the count value of the pixel counter 362 is reset to "0". In step S36, the pixel corresponding to the count value of the pixel 
counter 362 of the line corresponding to the line detected in step S34 is extracted from the frame buffer (c) 34. In step S361, 
the cumulative error data corresponding to the value of the pixel counter 362 of the line corresponding to the line obtained in 
step S34 is extracted from the error frame buffer 37. In step S37, the value which is derived by adding the value of the pixel 
fetched in step S36 and the cumulative error data fetched in step S361 is binarized on the basis of the threshold value. In step 
S38, the value binarized in step S37 is set to the location in the buffer 361 corresponding to the value of the pixel counter 362. 
In step S39, the pixel corresponding to the value of the pixel counter 362 of the line corresponding to the line obtained in step 
S34 is extracted from the frame buffer (d) 39. In step S40, the value of the pixel fetched in step S36 is compared with the value 
of the pixel fetched in step S39. When they are equal, since there is no need to update the error data stored in the error frame 
buffer 37, the processing routine advances to step S43. When they are different in step S40, step S41 follows. In step S41 , 
differences between the input data and the binary data (0, 255) which occur upon binarization in step S37 are obtained. The 
error data that is diffused to a plurality of pixels is obtained by using the error spread table 364. In step S42, the value 
calculated in step S41 is rewritten in place of the cumulative error data stored at the corresponding location in the error frame 
buffer 37, thereby updating the error frame buffer 37. In step S421 , the pixel fetched in step S36 is set into the frame buffer (d) 
39 at the location corresponding to the value of the pixel counter 362 of the line corresponding to the line obtained in step S34. 



In step S43, the count value of the pixel counter 362 is increased by +1 . In step S44, the count value of the pixel counter 362 is 
checked, thereby judging whether the processes corresponding to one line have been finished or not. If NO, the processing 
routine is returned to step S36. By repeating the processes in steps S36 to S44. the halftone processes corresponding to one 
line are executed. When it is determined in step S44 that the processes for one line have been finished, in step S45, the 
display data in the buffer 361 is transferred to the partial write control circuit 38 and the processing routine is returned to step 
S34. The processes in step S34 to S45 are repeated after that 



[Initializing process] 



Fig. 14 is a flowchart for the initializing process in step S09 in Fig. 10. The initializing process is executed when the scene is 
switched in the comparison between the preceding image plane and the image plane to be newly displayed. In step S46, the 
error frame buffer 37, frame buffer (c) 39, and partial writing flag are initialized. 

Although the embodiment has been described with respect to the case where the input data is expressed by one color, 
namely, the case of a monochromatic display, a color image can be also displayed by executing the above processes for each 
of the input data of three colors of R, G, and B. 

Such a color display can be realized by providing the circuit shown in Fig. 2 for each of the input data of R, G, and B. 

The display apparatus is not limited to the apparatus having the ferroelectric liquid crystal device as mentioned above but can 
also use a liquid crystal display apparatus of what is called a TFT type. 

A method of executing the halftone process which can be used in the embodiment is not limited to the error diffusing method. 
It is also possible to use any other method such as average error least method, average density preserving method, or the like 
which can correct the errors occurring when input data is quantized. 

Although the embodiment has been described with respect to the example in which the input data is converted intojhe binary 
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the input data is quantized into the multilevel data which can be displayed by the FLCD and that the error data in the error 
frame buffer 37 is updated on the basis of the error data occurring upon quantization. 

According to the present invention as described above, in the case where an animation is halftone processed by the quantizing 
method of the density preserving type and is displayed, the halftone process is executed to only the changed portion which 
was changed from the preceding image plane, so that the display data can be displayed at a high speed by the efficient 
processes. 

Moreover, since the error data necessary to the halftone process of the changed portion has previously been stored in the 
memory, the display image of a high image quality can be obtained by using the error data stored in the memory. 

Further, in the case where the scene of the display data is changed, the error data of the preceding image plane stored in the 
memory is reset and the halftone process is executed for the input data of one image plane, so that the binarizing process 
according to the input data can be executed at a high fidelity. 

Although the present invention has been described with respect to the preferred embodiment, the invention is not limited to the 
foregoing embodiment but many modifications and variations are possible within the spirit and scope of the appended claims 
of the invention. 
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Claims 



1. A display control apparatus comprising: 
input means for inputting image data; 

memory means for storing said inputted image data by an amount corresponding to first and second image planes; 
comparing means for comparing the image data of the first image plane and the image data of the second image plane stored 

proce^^ a halftone process to the image data of the pixel such that the value of the image data of the 

first image plane differs from the value of the image data of the second image plane; and 

transmitting means for transmitting the data which has been halftone processed by said processing means to a display 
apparatus. 

2. An apparatus according to claim 1 , 

wherein said display apparatus is constructed by a ferroelectric liquid crystal device. 

3. An apparatus according to claim 1 , 

wherein said input means inputs image data sent from a computer. 

4. An apparatus according to claim 1, 

wherein said processing means binarizes the image data into the binary data. 

5. An apparatus according to claim 4, 
further having: 

means for calculating errors which occur when the image data is converted into the binary data; and 
an error memory to store said calculated errors. 

6 An apparatus according to claim 5, 

wherein said error memory stores error data occurring when the image data of the first image plane is binanzed, and the error 
data stored is used when the image data of the second image plane is binanzed. 

7. An apparatus according to claim 1 , . Ik . . . 
wherein said comparing means compares the image data of the first and second image planes one pixel by one, and said 
processing means executes a halftone process to the image data of all of the pixels of the lines having the pixels in which rt is 
determined as a result of the comparison that said image data are different. 

8. A display control apparatus comprising: 

input means for inputting image data of first and second image planes; 
processing means for executing a halftone process to said inputted image data; 

memory means for storing error data occurring due to the execution of the halftone process by said processing means; and 
transmitting means for transmitting the data which has been halftone processed by said processing means to a display 

apparatus, . . lft 

wherein said memory means stores the error data occurring when the image data of the first image plane is halftone 

whe^^mage data of the second image plane is processed, said processing means executes the halftone process on the 
basis of the error data stored in the memory means and the image data. 

9. An apparatus according to claim 8, 

wherein said display apparatus is constructed by a ferroelectric liquid crystal device. 

10. An apparatus according to claim 8, 

wherein said input means inputs image data sent from a computer. 

11. An apparatus according to claim 8, 

wherein said processing means binarizes the image data into the binary data. 

12. An apparatus according to claim 8, M/<rtnH 
further having comparing means for comparing the image data of the first image plane and the image data of the second 

a^d 9 whereln'said processing means executes the halftone process to the image data of the pixel of the second image plane 
such that the value of the image data of the first image plane is different from the value of the image data of the second image 
plane. 

13. An apparatus according to claim 12, ^nmnn when 
further having means for updating the error data stored in said memory means on the basis of the error data occumng wnen 
the image data of the second image plane is halftone processed. 

14. A display control apparatus comprising: 

input means for inputting image data of first and second image planes; 
processing means for executing a halftone process to said inputted image data; 

memory means for storing error data occumng due to said halftone process; . 
transmitting means for transmitting the data which has been halftone processed by said processing means to a display 

fudg^ngmeans for comparing the image data of the first image plane and the image data of the second image plane, thereby 
judging whether a scene has been switched or not and t . i4 . MM 

control means for resetting the error data stored in said memory means when said judging means discriminates that the scene 
has been switched. 
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15. An apparatus according to claim 14, . 
wherein said memory means stores the error data occurring when the image data of the first image plane is halftone 
processed. 

16. An apparatus according to claim 15, 

wherein when the scene is not switched, said processing means executes the halftone process to the image data of tne 
second image plane on the basis of the error data stored in said memory means and the image data of the second image 
plane. 

1 7. A display control method comprising the steps of. 
inputting image data; 

storing said inputted image data by an amount corresponding to first and second image planes; 
comparing the stored image data of the first and second image planes; 

executing a halftone process to the image data of the pixel of the second image plane in which the value of the image data of 
the first image plane differs from the value of the image data of the second image plane; and 
transmitting said halftone processed image data to a display apparatus. 

18. A display control apparatus in which an image which has been halftone processed by a quantizing method of a density 
preserving type is displayed on an FLC display. 

19. A display control apparatus as claimed in claim 17, characterised in that when an image which has been halftone 
processed by a quantizing method of the density preserving type is displayed, by executing the halftone process to the 
preceding image plane and the changed portion, the display can be efficiently displayed at a high speed. 

20. A display control apparatus as claimed in claim 18 or 19, characterised in that error data which is necessary for the 
halftone processes of the preceding image plane and the changed portion is previously stored into a memory, so that a display 
image of a high picture quality can be obtained by using the error data stored in the memory. 

21. A display control apparatus as claimed in claim 18. 19 or 20 characterised in that when the scene of display data is 
switched, the error data of the preceding image plane stored in a memory is reset and the halftone process is executed to the 
data of one image plane inputted, so that a binarizing process which conforms with the input data at high fidelity can be 
executed. 
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